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METHOD AND SYSTEM FOR PROVIDING A
THIN FILM WITH A CONTROLLED
CRYSTAL ORIENTATION USING PULSED
LASER INDUCED MELTING AND
NUCLEATION-INITIATED
CRYSTALLIZATION

CROSS REFERENCE TO RELATED
APPLICATION(S)

The present application 1s a continuation of International
Patent Application No. PCT/US03/09861, filed Apr. 1, 2003,

published on Oct. 16, 2003 as International Patent Publica-
tion No. WO 03/084688, which claims priority to U.S. Pro-
visional Application Ser. No. 60/369,186, filed on Apr. 1,
2002, the contents of which hereby incorporated by reference
in their entireties herein.

NOTICE OF GOVERNMENT RIGHTS

The U.S. Government may have certain rights in this inven-

tion pursuant to the terms of the Defense Advanced Research
Project Agency award number N66001-95-1-8913.

FIELD OF THE INVENTION

The present invention relates to a system and process for
producing a metal thin film having a uniform crystal orienta-
tion and controlled microstructure. In particular, the system
and process of the present invention utilize a pulsed laser
beam 1n conjunction with sequential lateral solidification
(“SLS”) techniques to produce, e.g., an aluminum thin {ilm
with, preferably, a (111) crystal orientation.

BACKGROUND OF THE INVENTION

An 1inherent problem in the production of metallic thin
films 1s minimizing the electro-migration that occurs 1n the
metal interconnects. The electro-migration results in the
transport of metal material of an interconnect line, and 1s
caused when free electrons dislodge the atoms of the conduc-
tive material upon the current density increase that occurs due
to smaller cross-sectional dimensions of the interconnect

lines. The electro-migration occurs due to the transier of

momentum from the electrons tlowing 1n a metal conductor
when the conductor fails, because of a void or break in the
conductor. This phenomenon 1s generally known as an “elec-

tron wind.” The failure occurs most often along the grains of

the conductive material since the atoms are not as firmly
bound along the grains, and the grains provide efficient paths
tor the electron transport. These grains may extend 1n a direc-
tion which 1s parallel to the direction of the interconnect lines,
1.€., along the direction of the current flow, which 1s consid-
ered to be particularly undesirable (1.e., such grain direction
results 1n an increased electro-migration). If vacancies or
voids are formed 1n the conductive material, the void that 1s
formed reduces the cross-sectional area 1n a region of the
interconnect through which the current may flow, effectively
raising the current density of that region of the interconnect
even further. Therefore, the void may become so large that an
open circuit or a break 1n the interconnect line results. Alter-
natively, the atoms of the conducting material that are dis-
lodged may accumulate 1n a region of the interconnect so as to
form a protrusion. If the protrusion becomes large enough, a
contact with an adjacent interconnect may occur, thereby
causing an undesired connection between the adjacent inter-
connect lines.
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2

As the features of integrated semiconductor circuit chips
are reduced, the cross-section of the metal interconnect lines
on the itegrated circuit chips are also reduced. This decrease
in the cross-sectional dimensions increases the current den-
sity 1n the mterconnect lines, which creates increased electro-
migration in the metal interconnects. Moreover, the electro-
migration would likely increase with a presence of a random
orientation of the microstructure of the thin film. Since
increasing the grain size to be larger than the metallization
line width and preparing semiconductor films with a uniform
orientation would reduce the propensity for electro-migration
failure, there 1s a need for a system and method to control
crystallization, and produce thin films with the substantially
uniform orientation of the microstructure of the thin film.

Control over the thin film microstructure may be obtained
through the use of sequential lateral solidification (*SLS™)
techniques. For example, U.S. Pat. No. 6,322,625 (the “’625
application™), U.S. patent application Ser. Nos. 60/239,194
(the “’194 application”), Ser. No. 09/390,535 (the 535
application™), Ser. No. 09/390,537/7 (the 5377 application”),
Ser. No. 60/253,256 (the 236 application™), Ser. No.
09/526,585 (the “’ 585 application™) and International Patent
Application Nos. PCT/US01/31391 and PCT/US01/12799,
the entire disclosures of which are hereby incorporated herein
by reference, describe advantageous apparatus and methods
for growing large grained polycrystalline or single crystal
structures using energy-controllable laser pulses and small-
scale translation of a sample to implement the SLS tech-
niques. As described 1n these patent documents, at least por-
tions of the semiconductor film on a substrate are 1rradiated
with a suitable radiation pulse to completely or partially melt
such portions of the film throughout their thickness. In this
manner, when the molten semiconductor material solidifies, a
crystalline structure grows into the solidifying portions from
selected areas of the semiconductor film which did not
undergo a complete melting. Thereafter, the beam pulses
irradiate slightly offset from the crystallized areas so that the
grain structure extends into the molten areas from the crys-
tallized areas. With the SLS techniques, and the systems
described therein, crystallization may be controlled to modity
the microstructure of the thin film (e.g., by creating larger
grains, single-crystal regions, grain-boundary-location-con-
trolled microstructures), and produce grains with a particular
orientation.

SUMMARY OF THE INVENTION

One of the objects of the present ivention 1s to produce at
least one section of a metal layer having a uniform crystal
orientation and a controlled microstructure. In particular, the
present invention may be used to produce an aluminum metal
layer having a controlled crystal orientation of microstruc-
tures provided therein. For example, a pulsed laser beam may
be utilized in conjunction with a sequential lateral solidifica-
tion (“SLS”) technique to produce a (111) crystal orientation
of an aluminum thin {in with.

In one exemplary embodiment of the present invention, a
method and system are provided for processing a sample
having a metal layer to generate a polycrystalline film with a
controlled crystal orientation. In particular, at least one por-
tion of the metal layer can be irradiated with a pulsed laser, so
that the metal layer 1s completely melted throughout 1ts entire
thickness. Such portion of the metal layer 1s then resolidified
via the crystalline growth, so that the grains of the metal layer
have a substantially uniform orientation therein. In another
embodiment of the present invention, the metal layer may be
deposited on a substrate, which may be done by sputtering,
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evaporation or any conventional method. In yet another
exemplary embodiment, the metal layer may be composed of
aluminum or an aluminum alloy (e.g., an aluminum-copper
alloy, an aluminum-silicon alloy, an aluminum-copper-sili-
con alloy etc.) In a further embodiment of the present mnven-

tion the substantially uniform orientation may be a (111)
orientation.

In still another exemplary embodiment of the present
invention, the metal layer can be irradiated without patterning
(1.e., flood 1rradiate) to obtain grains with a uniform orienta-
tion. The metal layer 1s then 1rradiated using the SLS tech-
nique, as described in the above-identified patent applica-
tions. Certain masks and mask patterns can be used for the
SLS techniques to generate various shapes of grain bound-
aries for moditying the microstructure. This 1s done by, e.g.,
creating larger grains, single-crystal regions, grain-bound-
ary-location-controlled microstructures, etc.

In a still further embodiment of the present invention, a
mask used during the sequential solidification technique
includes a first region capable of attenuating the pulsed laser
and a second region which allows substantially the entire
intensity of the corresponding portion of the pulsed laser to
pass therethrough. The mask may be an inverse dot-patterned
mask. The entire thin film can be completely melted through-
out 1ts entire thickness and the attenuation may be such that
the region of the metal layer corresponding to the first region
reaches a lower temperature than the melting temperature of
the metal layer and lower than that the temperature of the
section of the metal layer irradiated by the beam that 1s shaped
by the second region. In yet another embodiment of the
present invention, the dot patterns of the mask can be spaced
closer than the super lateral growth distance which 1s based on
the relevant process temperature. The mverse dot-patterned
mask can include dots arranged 1n a geometric pattern such
that the microstructure of the metal layer irradiated using
such mask crystallizes in substantially the same geometric
pattern as the arrangement of the dots of the inverse dot-
patterned mask. The dots of the inverse dot-patterned mask
may also be arranged to 1rradiate the metal layer microstruc-

ture 1n a manner to a hexagonal pattern or a square pattern
therein.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention,
together with other and further objects thereolf, reference 1s
made to the following description, taken 1n conjunction with
the accompanying drawings, and 1ts scope will be pointed out
in the appending claims.

FI1G. 1 shows a block diagram of a system for performing a
preferred embodiment of a lateral solidification process
according to an exemplary embodiment of the present mnven-
tion;

FIG. 2 shows an 1llustration of a section of an exemplary
aluminum thin film sample after pulsed laser irradiation to
induce complete melting and subsequent solidification of a
section of an aluminum sample;

FI1G. 3 shows an enlarged representation of a portion of the
section 1llustrated in FIG. 2;

FI1G. 4 shows 1nverse pole symbols representing the nucle-
ated aluminum grains of the sample of FIG. 3 illustrating that
the nucleated aluminum grains have a (111) orientation;

FIG. 5 shows an exemplary embodiment of an inverse
dot-patterned mask with the dot patterns arranged in a hex-
agonal form, which may be used with the exemplary system
and process according to the present mnvention;
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FIG. 6 shows an exemplary temperature profile of the
melted aluminum thin film sample after irradiation of a por-
tion thereof with the iverse dot-patterned mask of FIG. §;

FIG. 7 shows an exemplary section of the sample after the
Sequential lateral solidification (“SLS”) 1s utilized using the
inverse dot-patterned mask of FIG. §;

FIG. 8 shows an enlarged illustration of approximately
hexagonal portions of the sample shown 1 FIG. 7;

FIG. 9 shows inverse pole symbols representing nucleated
aluminum grains of the sample of FIGS. 7 and 8 illustrating
that the nucleated aluminum grains have a (111) orientation;
and

FIG. 10 shows a flow diagram of an exemplary embodi-
ment of a method according to the present invention which
can be implemented by the system of FIG. 1.

Throughout the Figures, the same reference numerals and
characters, unless otherwise stated, are used to denote like
features, elements, components or portions of the 1llustrated
embodiments. Moreover, while the present invention will

now be described 1n detail with reference to the Figures, 1t 1s
done so 1n connection with the illustrative embodiments.

DETAILED DESCRIPTION

In one exemplary embodiment of the present invention, a
uniform crystalline orientation of at least one section of a
metal thin film may be obtained using the sequential lateral
solidification process. Therefore, in order to fully understand
the present invention, the sequential lateral solidification pro-
cess 1s further described. As disclosed in aforementioned
patent applications, the sequential lateral solidification (“SLS
) process 1s a technique for producing large grained thin
films through small-scale unidirectional translation of a
sample between sequential pulses emitted by an excimer
laser. As each pulse 1s absorbed by the sample, a small area of
the sample 1s caused to melt completely, and then resolidify
laterally into a crystal region produced by the preceding
pulses of a pulse set. It should be understood that various
systems according to the present invention may be utilized to
generate, nucleate, solidify and crystallize one or more areas
on the thin film (e.g., composed of aluminum) which have
uniform material therein, such that at least an active region of
a thin-film transistor (“TFT”") may be placed 1n such areas.
The exemplary embodiments of the systems and processes of
the present invention to generate such areas, as well as those
of the resulting crystallized metal thin films, shall be
described in further detail below. However, 1t should be
understood that the present mnvention 1s 1n no way limited to
the exemplary embodiments of the systems, processes and
semiconductor thin films described herein.

FIG. 1 shows a system that includes excimer laser 110,
energy density modulator 120 to rapidly change the energy
density of laser beam 111, beam attenuator and shutter 130,
optics 140, 141, 142 and 143, beam homogenizer 144, lens
system 145, 146, 148, a mask or masking system 130, lens
system 161,162, 163, incident laser pulse 164, thin metal film
sample 170, sample translation stage 180, granite block 190,
support system 191, 192, 193, 194, 195, 196, and managing,
computer 100. As described in further detail 1n the 335
application, a non-processed thin film sample 170 may be
processed 1nto a single or polycrystalline metal thin film by
generating a plurality of excimer laser pulses of a predeter-
mined fluence, controllably modulating the fluence of the
excimer laser pulses, homogenizing the modulated laser
pulses 1 a predetermined plane, masking portions of the
homogenized modulated laser pulses into patterned beamlets,
irradiating an amorphous silicon thin film sample with the
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patterned beamlets to effect melting of portions thereof cor-
responding to the beamlets, and controllably translating the
sample with respect to the patterned beamlets and with
respect to the controlled modulation to thereby process the
amorphous thin film sample 1nto a single or polycrystalline
thin film by sequential translation of the sample relative to the
patterned beamlets and 1rradiation of the sample by patterned
beamlets of varying tluence at corresponding sequential loca-
tions thereon. The laser system may include a laser source,
optics, mask, and projection system, which may be substan-
tially the same as or similar to the equipment used for other
SLS systems and processes.

In an exemplary embodiment of the present invention, the
method and system may be used to generate metal thin films
(e.g., aluminum film) with a uniform crystalline orientation.
The thin film may be composed of aluminum alloys such as,
e.g., Al—Cu, Al—S1, AI—Cu—=5S1, etc. In such exemplary
embodiment, the concentration of the impurities may prefer-
ably be less than 20%.

The aluminum thin film sample may be deposited on a
substrate by various methods, such as sputtering, evaporation,
etc. In one exemplary embodiment of the present invention, 1t
1s possible to use the polycrystalline aluminum films without
the need to place 1t on a substrate. In one exemplary embodi-
ment, at least one portion of the aluminum thin film layer 1s
irradiated with a pulsed laser (e.g., an excimer laser) without
patterning of the beam pulse (i.e. flood 1irradiation). The entire
portion of the metal layer 1s completely melted, preferably
throughout its entire thickness. The completely melted lique-
fied section of the aluminum thin film solidifies via nucleation
and crystalline growth thus resulting 1n an aluminum thin film
as shown 1 FIG. 2. FIG. 3 shows a representation of an
enlarged portion of the resolidified section 1llustrated in FIG.
2 mdicating that the complete melting and solidification of
the section(s) of the aluminum thin film results 1 grain
boundaries 200 and grain shapes 202 that are relatively ran-
dom.

According to another exemplary embodiment of the
present invention, the resolidified (and possibly nucleated)
grains of the aluminum layer provided as a substrate can have
a substantially uniform orientation after mrradiation and
solidification. The nucleated aluminum grains likely have a
uniform (111) orientation. Such exemplary orientation of the
aluminum grains may preferably occur through the heteroge-
neous nucleation at an interface between liqud aluminum
and the substrate. For example, the (111) planes of the alu-
minum grains likely have the lowest surface energy, which
reduces the activation energy for the heterogeneous nucle-
ation. Thus, the (111) orientation of the aluminum grains 1s
thermodynamically preferred according to the present inven-
tion. FIG. 4 shows inverse pole symbols representing an
exemplary portion of the resolidified section of the aluminum
thin film of FIG. 2 illustrating that the crystallized aluminum
grains have various orientations, and in particular, a (111)
orientation. In an exemplary embodiment of the system and
process according to the present invention, it 1s possible to
obtain the (111)-oriented polycrystalline aluminum films by
positioning the sample 170 1n a predetermined manner and
subjecting the thin film to the SLS processing. This can be
done after the thin film 1s subject to flood irradiation.

In another exemplary embodiment of the present invention,
it 1s possible to 1imtially 1rradiate a portion of the aluminum
thin film sample without patterning (i.e., by flood 1rradiating),
so as to allow the irradiated portions of thin film to solidify, so
as to obtain grains having a (111) onientation, and then irra-
diate such previously-irradiated portion of the metal layer
using the SLS process, as described 1n the above-identified
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patent applications and patents. Depending on the masks and
their mask patterns (the examples of which are described and
shown 1n the above-identified applications and patents), 1t 1s
possible to generate various shapes of grain boundaries so as
to modily the metal microstructure and the orientation of the
grains thereol (e.g., by creating larger grains, single-crystal
regions, grain-boundary-location-controlled microstruc-
tures, etc.).

The mask 150 may include a first region capable of attenu-
ating the pulsed laser and a second region that allows the
associated portions of complete pulsed laser to irradiate
therethrough. For example, an inverse dot-patterned mask

may be used i which the dots are arranged 1n a geometric
pattern such that the microstructure of the metal layer crys-
tallizes substantially corresponds to the geometric shape of
the arrangement of the dots of the mask pattern. In a further
embodiment of the present invention, similarly to the conven-
tional SLS techniques which utilize dot-patterned masks, the
dot patterns on such mask should be spaced closer to one
another than the super lateral growth distance corresponding
to the relevant process temperature. As described in the appli-
cations and patents 1dentified herein above, the dot regions of
the mverse dot patterned mask may be arranged to form a
metal layer with a hexagonal microstructure as shown 1n FIG.
5. In particular, the exemplary mask of FIG. 5 includes a first
region 500 that attenuates the beam intensity and a second
region 302 that allows the beam to pass therethrough to reach
and 1rradiate the aluminum thin film. It 1s preferable for the
energy density of the beam to be large enough to completely
melt the intended sections of the aluminum thin film, includ-
ing the regions masked by the dots 500. Since the dots 500 are
opaque, and the beam 1s significantly attenuated in those
regions, the aluminum thin film area positioned to be 1rradi-
ated by the dot regions (although completely melted) would
likely not reach as high of a temperature as that of the areas
outside the dot regions (which are also completely melted) as
1s shown 1n FIG. 6. In particular, the temperature 501 1n the
attenuated region of the aluminum thin film should be lower
than the melting temperature of the film so that at least some
of (111) nucleated grains that are formed remain as solids
(e.g., viaaprevious irradiation such as the flood 1irradiation) to
seed the molten metal around those solid regions into the
(111) oriented grains.

As the film cools, the section of the aluminum thin film
irradiated by the section of the laser beam masked the dot
regions nucleates, thus, providing the (111) oniented seeds
that grow laterally into the non-masked areas 1n accordance
with the principles of SLS techniques described 1n the above-
identified U.S. and International patent applications and pat-
ents. In particular the dot-patterned SLS techniques described
therein. As described in these patent documents, the micro-
structure that 1s obtained depends on the geometry of the dot
regions of the mask 150. Therefore, as shown in FIGS. 7 and
8, the use of the exemplary inverse dot-patterned mask of
FIG. 5 to mask the laser beam and 1irradiate the aluminum thin
film results 1n crystallized aluminum film with a hexagonal
microstructure. FIG. 8 shows an enlarged representation of a
portion of the section provided 1n FIG. 7 further illustrating
the locations and shapes of the grain boundaries 800, 802,
respectively. FI1G. 9 shows inverse pole symbols representing
the portion of the section provided in FIG. 8 that illustrate that
the crystallized aluminum grains have substantially a (111)
orientation. In a further exemplary embodiment of the present
invention, the dot regions of the mnverse dot patterned mask
may be arranged so as to generate the sections of the metal
thin film with square microstructure therein.
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Referring to FIG. 10, exemplary steps executed by com-
puter 100 of FIG. 1 to control the 1irradiation and grain orien-
tation of the metal thin film 1s described. The various elec-
tronics of the system shown 1n FIG. 1 are imtialized by the
computer to initiate the process in step 1000. A thin metal
(aluminum) film sample 170 1s then loaded onto the sample
translation stage in step 1005. It should be noted that such
loading may be either manual or robotically implemented
under the control of the computer 100.

Next, the sample translation stage 180 1s moved 1nto an
initial position 1 step 1010, which may include an alignment
with respect to reference features on the sample 170. The
various optical components of the system are focused in step
1015 11 necessary. The laser 1s then stabilized 1n step 1020 to
a desired energy level and repetition rate, as needed to fully
melt the metal thin film sample 170 1n accordance with the
particular processing to be carried out. If necessary, the
attenuation of the laser pulses 1s finely adjusted (step 1025).

Next, the sample 170 1s positioned to point the beam to
impinge on the first section of sample 1n step 1030. The beam
149 1s masked with the appropriate mask pattern of the mask
150 (step 1035). It 1s also possible to not mask the beam prior
to 1ts impingement of the sample 170. After the beam 149 1s
masked to become a masked beam pulse 164, the masked
beam pulse 164 irradiates at least one section of the metal
(aluminum) thin film sample 170 to produce grains that have
aparticular (e.g., —111) orientation in step 1040. Then, 1n step
1045, i1t 1s determined whether all intended areas of the thin
metal film sample 170 have been wrradiated 1n a predeter-
mined manner. If not, the sample 170 1s then translated in the
X and/orY directions 1n step 1050 for a distance which 1s less
than the super lateral grown distance of the metal thin film
using the SLS and/or non-SLS techniques. After processing,
all of the desired sections of the metal thin film sample 170,
the beam and hardware are shut ofl i step 1055 and the
process 1s completed 1n step 1060. If processing of additional
samples 1s desired or steps 1005-1050 may be repeated for
cach such sample.

In addition, 1t 1s also possible to obtain the (111) oriented
grains using the SLS techniques described above and without
the tlood 1rraditions being effectuated on the aluminum thin
film prior to such SLS processing. In particulars, the desired
sections of the aluminum thin film 170 are 1rradiated using the
one of the patterned masks described above (e.g., the dot-
patterned mask, the hexagonal-shaped mask, the rectangular
shaped mask, etc.) and the SLS techniques 1n order to nucle-
ate center areas corresponding to the such shapes (which
allow some or all of the 1rradiation of the beam pulse to pass
therethrough). The resolidified desired regions of the alumi-
num thin film 170 result 1n the (111) ontented grains, which
are also grain boundary controlled grains. Accordingly, 1t 1s
not necessary to subject the aluminum thin film 170 to tlood
irradiation prior to 1t being irradiated using the SIS process-
ing technique.

The foregoing merely illustrates the principles of the
invention. Various modifications and alterations to the
described embodiments will be apparent to those skilled 1n
the art 1n view of the teachings herein. For example, while the
above embodiment has been described with respect to at least
partial lateral solidification and crystallization of the semi-
conductor thin film, 1t may apply to other materials process-
ing techmques, such as micro-machimng, photo-ablation,
and micro-patterning techmques, including those described
in the above-identified patent documents. The various mask
patterns and intensity beam patterns described 1n the above-
referenced patent application may also be utilized with the
process and system of the present invention. It will thus be
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appreciated that those skilled 1n the art will be able to devise
numerous systems and methods which, although not explic-
itly shown or described herein, embody the principles of the
invention and are thus within the spirit and scope of the
present invention.

The invention claimed 1s:

1. A system for producing at least one section of a poly-
crystalline metal film with a substantially uniform orientation
that inhibits electro-migration, comprising:

a logic arrangement which 1s operable to:

(a) 1rradiate at least one portion of the at least one section
of the metal thin film to completely melt the at least
one portion of the metal thin film throughout 1ts entire
thickness, and

(b) allow the at least one portion of the melted metal thin
film to re-solidily after the at least one 1s melted,
wherein the grains of the at least one portion have the
substantially uniform orientation that inhibits electro-
migration upon the re-solidification, and

(c)1rradiate at least one portion of the at least one section
of the metal thin film using a sequential lateral solidi-
fication technique.

2. The system according to claim 1, wherein the metal thin
f1lm 1s deposited on a substrate.

3. The system according to claim 2, wherein the metal thin
f1lm 1s deposited on a substrate by at least one of a sputtering
procedure, an evaporation procedure and a further thin film
deposition procedure.

4. The system according to claim 1, wherein the metal thin
f1lm 1s composed of aluminum.

5. The system according to claim 1, wherein the metal thin
film 1s composed of an aluminum alloy, the aluminum alloy
including at least one of an aluminum-copper alloy, an alu-
minum-silicon alloy and an aluminum-copper-silicon alloy.

6. The method according to claim 1, wherein the substan-
tially uniform orientation 1s a (111) orientation.

7. The system according to claim 1, wherein the laser pulse
irradiating the atleast one portion 1s patterned using a mask to
modily a shape of the laser pulse.

8. The system according to claim 7, wherein the mask 1s
comprised of a first region capable of attenuating the pulsed
laser and a second region allowing a significant section of the
laser beam 1impacting the second region to pass therethrough.

9. A system for producing at least one section of a poly-
crystalline metal film with a substantially uniform orienta-
tion, comprising;

a logic arrangement which 1s operable to:

(a) 1rradiate using a laser pulse having a shape at least
one portion of the at least one portion section of the
metal thin film to completely melt the at least one
portion of the metal thin film throughout 1its entire
thickness, wherein the laser pulse irradiating the at
least one portion 1s patterned using an inverse dot-
patterned mask to modify the shape of the laser pulse,
wherein the mask comprises a first region capable of
attenuating the laser pulse and a second region allow-
ing a significant section of the laser pulse impacting
the second region to pass therethrough, the second
region including opaque array patterns which include
at least one of dot-shaped areas, hexagonal shaped
areas and rectangular shaped areas, and

(b) allow the at least one portion of the melted metal thin
film to re-solidily after the at least one 1s melted,
wherein the grains of the at least one portion have the
substantially uniform orientation upon the re-solidi-
fication.
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10. The system according to claim 9, wherein each portion
of the metal thin film 1s completely melted throughout 1ts
entire thickness, and wherein an attenuation of the laser beam
produced by the first region 1impinges associated section of
the thin film to reach a temperature that 1s lower than a melting
temperature of the metal thin film and lower than a tempera-
ture as further sections of the thin film corresponding with the
areas 1rradiated by the second region.

11. The system according to claim 10, wherein dot patterns

of the mask are spaced closer than a super lateral growth 10

distance corresponding to a resolidification process tempera-
ture of the metal thin film.

12. The system according to claim 11, wherein the inverse
dot-patterned mask 1s comprised of dots has a geometric

pattern such that upon the irradiation of the metal thin film, a 15

microstructure of the metal thin film solidifies and crystal-

5

10

lizes 1n substantially the same geometric pattern as the pattern
of the mverse dot-patterned mask.

13. The system according to claim 12, wherein the dots of
the inverse dot-patterned mask are arranged 1n a pattern such
that upon the irradiation of the metal thin film with the
masked laser beam, a microstructure of the metal thin film 1s
formed having one of a hexagonal pattern, a rectangular pat-
tern and a square pattern.

14. The system according to claim 1, wherein the logic
arrangement irradiates the at least one portion of metal using
a sequential lateral solidification technique, and wherein,
upon the completion of step (b), grain-boundary location
controlled grains are formed 1n the at least one portion of the
metal thin film.
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